Abstract-We report the design and simulation of the tapered optical fiber with large presence of the evanescent field. The evanescent field of the optical fiber is strongly affected by the surrounding environment which will be exploited into fabricating variety of photonic-based devices such as photodetectors, optical sensors and ultra-high Q resonators. The simulation results show that by adiabatically tapered the waist region, there is a fairly large amount of evanescent field intensity observed at the air-cladding region. The smooth transition region of the tapered fiber has also minimized the multimode interference in the waist and transition region thus reducing the energy loss and contributing to the higher output power.
I. INTRODUCTION
Tapered fiber has been introduced in various sensing devices especially for optical sensing detection [1] [2] , nanofiber-based evanescent wave spectroscopy [3] , nonlinear optics, and cold atom physics [4] .The increasing demand is due to high sensitivity of tapered fiber to the changes of refractive index as evanescent field generated at this region is able to interact with the surrounding.
Following the success of optical fibers in the telecommunication sector, they have shown great potentials to be utilized in sensing application. Evanescent wave fiber optic sensor (EWFOS) have been studied and accelerated with the progress and demand for chemical sensors. The interest on EWFOS is due the several advantages over conventional sensors such as low attenuation. compact size, flexibility and immunity to electromagnetic interference (EMI).
By exposing the evanescent field, it will enhance the potential of optical fiber to be utilized as a sensor. When light is transmitted through a tapered fiber, the evanescent field interacts with the surrounding in the tapered region. If the surrounding of the tapered fiber absorbs the transmission wavelength, the transmission decreases [5] . Tapering has also been proved to increase the magnitude of evanescent field [6] . A tapered fiber can be categorized as adiabatic if most of the power remains in the fundamental mode and does not couple to higher order modes as it propagates along the taper as the radius changes gradually [7] . The beam propagation is strongly affected by the surrounding environment thus making it a suitable parameter for optical refractometric or absorption sensors. In most devices, tapered fiber waist diameter affect the evanescent field and coupling coefficient. Since fiber is designed for low loss transmission, adiabatically tapered fiber with uniform waist diameter and low surface roughness are among the properties of the tapered fiber that contributes to a high quality tapered fiber with low loss and strong evanescent field [8] .
In this paper, we have designed and simulated the tapered optical fiber to enhance the formation of the evanescent field at the waist region of fiber. The tapered fiber will be used in the next step of designing a functional evanescent field-based optical sensor. The tapered fiber has been designed as Single-Mode Fiber (SMF) with cladding and core diameter of 125 µm and 8 µm respectively. The fiber is tapered to cladding and core diameter of 7 µm and 0.448 µm for 5 mm length and 30 mm for both down and up taper length as shown in Fig 1. Light propagation in fiber can be described using the concept of an effective refractive index;
II. DEVICE SIMULATION MODEL
Where c is the speed of light in vacuum, is the phase velocity of the mode, is the mode propagation constant, and is the vacuum wavenumber. For this purpose, we have used Lumerical Tools MODE Solution that allows the observation of propagated light in the tapered fiber and field profile of the guided modes. Simulation model of tapered optical fiber in MODE solution is shown in Fig 2. The light source for this model is defined at a wavelength of 1550 nm. III. RESULTS AND DISCUSSION Fig. 3 . Light propagation in tapered optical fiber in the untapered fiber to the fiber output through taper waist. Fig. 3 shows the propagation of light in the tapered fiber through original fiber region to tapered region via downtaper transition region. The light is guided inside the core by total internal reflection principal at the core-cladding boundary. As the core diameter decreases in the transition region, the guided mode is compressed until it reaches taper waist diameter. At this point, cladding acts as new guiding modes thus forming strong evanescent field due to the mode expansion in the air. 4 shows the evanescent field that is formed on the air-cladding region. The intensity of the evanescent field depends on the ratio of wavelength λ, propagating in the fiber and radius r. Higher λ/r ratio and nsurr (refractive indices of the medium surrounding the optical fiber) will increase the magnitude of evanescent field. This effect is important criteria in designing and realizing sensor, based on the evanescent field of the tapered fiber [9] . Next, we study the mode profile in different region of the fiber. Fig. 5(a) shows the modes is confined in the taper waist region while from the graph, the dotted line marks the air-cladding region of the taper waist and it shows the evanescent field is formed outside of the waist cladding. Fig.  5 (c) to (h) shows the modes in the up-taper region. After the modes were confined in the taper waist and reached the uptaper region, the mode transformation is reversed to the down-taper region.
This was achieved by adiabatically tapered the transition region and all the guided modes are continuously transformed into cladding guided modes in the down-taper region which were then couple back into the fiber at the uptaper region (fiber output) [9] . The smooth transition region of the tapered fiber minimizes the multimode interference in the taper waist and transition region thus reducing the energy loss and contributing to the higher output [10] [11] .
IV. CONCLUSION
We have successfully designed and simulated tapered optical fiber with strong presence of the evanescent field at the air-cladding region. This was done with adiabatically tapered optical fiber which was then coupled back into the fiber output. The results are important in determining the next step which is to utilize the evanescent field as a component in realizing the photodetector and consequently to build an optical sensor. 
